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monthly departure c~irve should be raised sufticiently to elim- 
inate the negative departures during January and February. 
a step which would be equivalent to assuming that  the mean 
nnnual temperature a t  Madison is slightly increased by the 
presence of the lakes. This, however, can not be proved from 
the data a t  hand. 
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Fig. 1.-Departore ciirT'es. 

I n  August t,he minimum curve reaches itR extreme positive 
departiire and the  daily range of teinperature averages six 
degrees less than tha t  of neighboring purely continental es- 

posures. Doubtless this is due to  the presence of much water 
vapor in  the air over tho now well mariuecl lakes. this vapor 
absorbing lunch of the lieat radiated from the sun during the 
clay and froin the earth a t  night. The high niininium during 
August indicates why the vicinities of sniall lakes during this 
month are iess desirable pleasure resorts than a t  other seasons 
of the year. 

The most marked tendency of the illadison temperature 
conditions to return to the piirely continental type is sliown 
in the curves froiii October to Noveinlier, although tlie local 
lnlies do not close until about December 21 BR a rule. The 
freezing over of tlie lakes i u.;ually preceded bg several clays 
o f  colcl weather during wh li the temperature mny fall nearly 
to zero. This cold spell frequeutly culminates on the day of 
closing and the succeecliug fern days are somewhat warmer. 
No decicled change to the strictly continental type appears 
t>o occur near the date of closing, altliough a stiidy of the 
3Iadisoii recorcls far each year sliows that the average decrease 
in temperature from the mouth preceding this date to tlie 
iiinntli followiiig is aliout three degrees more than tlie normal. 

While tlie exposnre a t  Madison especially favors the influ- 
ence of tlie lakes on the observed temperatures, yet i t  is believed 
t h t  wherever siunll lakes are fountl, tlie teinperature condi- 
tions in tlieir vicinity will show departures from tlie purely 
continental type of tlieir section niucli reseiu1)litig those given 
21~01 e, tliongli not so marked. 

THE GREAT INDIAN EllRTHQUAKE OF APRIL 4, 1905, 
A S  RECORDED AT THE WEATHER BUREAU. 

The great earthquake that  almost entirely destroyed tlic 
niountnin towns of Dharnisala, Iiangra, and Palampier. in 
iiortliwestern India, causing great loss of life and property 
over a wide estent of adjacent territory, was very fully re- 
corded a t  Washington, D. U., on the Bowh-Oiuori seismograph 
a t  the Weather Bureau. 

There is very little about the record to suggest that  the 
disturbance was one of unusual character. In fact, we hare 
records of other earthquakes apparently of decidedly greater 
violence, but whose foci appear to liave been reiiiote from 
populatecl regions. On this account or for some other rea- 
sons the disturhances mere not marked by siich great disaster 
atid tlestruction as to draw widespread attention to their occur- 
rence. Consequently our records in these cases have not been 
correlated with any published accounts of earthquakes. 

In  the case of the Indian earthquake, tlie vibratory inotion 
RR recorded a t  Washington persisted for an unuaually long 
time (two hours and thirty minutes) ; But, 011 tlie other hand. 
that part  of the record embracing the nia~iiiiuni displacement 
of the recording pen mas relntirely of short duration. I t  is 
reproduced in fig. 1. 
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FI~:. 1.-Maximum waves of Iiitlinii rarth(liinkt. tis recnr( l4  at W\'nshiog- 
tabu. Time correction +13 hecouds. 

The following table gives in detail the noticeable character- 
istics of the whole record. 
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Earthquake of April 4 ,  1905, amenty-jifth meridian time. 

First preliminary tremors began.. . . . . . . . . . . . . . . . .  8 14 49 p. m .  
Second preliminary tremors began.. . . . . . . . . . . . . . .  8 36 13 p. 111. 
Prjncipal portion began . . . . . . . . . . . . . . . . . . . . . . . . . .  8 51 15 11. 111. 
Principal portion ended.. . . . . . . . . . . . . . . . . . . . . . . .  8 54 13 1). i n .  
Masimum waves at . . . . . . . . . . . . . . . . . . . . . . . . .  8 62 41) 1). 111. 
End of earthquake. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 4.5 7 11.  iu. 

Duration of first preliminary 

Duration of second prelinii- 

Total duration of earthquake. 2 hr. 30 18 " 

h. ?I&. 8. 

tremors . . . . . . . . . . . . . . . . . .  21 miii. 24 sec. 

nary tremors. . . . . . . . . . . . .  I5  " 3 " 

Duration nf princ4lml 1)urtiou '?, 6' 6 s  ' L  

Average complrte lieriocl of small n-avc's of prin- 
cil'al portion..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Average coinplete lleriod of  large ~ a v e s  of  p i n -  
cilia1 pcirtion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Average conililete period of suial l  waves at chnil o f  
principal portion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Period of ~ ~ e n ~ l ~ ~ l i i i i i . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  28 sec. 
Masimun double aiiildit.udc? o f  actrrttl cl Iilwviiivnt uf enr1.h 

at seisiliograph . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.23 111111. 
IIagoificatioii of record . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l U  times. 

The north-south component of liorizontal motion only was 
recorded. 

The approximate location of the  foc,.ns of this eartlie~nake 
appears to have been soniewhere near Dhariiisala which seeiiis 
to have suffered the greatest devastnt,ion. Tlie geograpliic 
coordinates of Dharinsalii are longitucle 76' 23' east; latit,iicle 
33" 16' north. This point and IVashington (longitucle 77" 3' 
west; latitiicle 3s" 54' north) niny be located on :t projection 
of the globe a t  U and IC:, respectively, as seen in fig. 3, where 1' 
is the north pole, ant1 Dliarrnsala is cvnsiclerecl to be located 
in  the plane of the paper. 

FIG. 2. FII:. 3. 

A brief consideration of some of the geophysical questions 
suggested by an examination of tlie data available indicateb 
how imperfectly t8he structure anel elastic properties of the 
earth are understood. 

I n  fig. 3, JV I' D represents the arc of the great circle 
through TV and I): tha t  is, the shortest distaiice between the 
two points measured on the surface of tlie earth. 11' 1, like- 
wise is the direct path from J V  to D through the interior V f  

t h e  earth. Froin trigonometry we find W C D is an arc of 
104" 40': that  is, it linear distance of 7241 statute miles. An 
eart,hciuake traveling to Washington along t,his great circle 
woulcl arrive from a direction 23" -10' east of north. 

Fig.  3 shows the relative positions of Washington ant1 
Dhnrnisala on the great circle of the earth. TI '  C I), passing 
through them. The distance on the chord, H'to Li, is 6264 
miles, and a t  the nearest point the line passes within 2417 
miles of the center of the ear th;  that  is. a t  a iiiasiinuni depth 
below the surface of 1639 miles. I n  these coiiiputations tlie 
earth is regarded RS a perfect sphere having a rxdiiis of 395G 
miles, anel the focus of the earthquake is assumed to lie witliiu 
a few miles of the surface. 

Data are not at present at hand giving the exact time of 
occurrence in India of any specified phases of the earthquake, 
bu t  a report from Mussooree, located about 3" of longitude 
east of Dharmsala, states that  the time of tlie severe shocks 
was G:10 a. 111.. April 4, presumably locsl tinie. The c'orre- 
slmnding Icical time a t  Dharmsala woultl be 6:03 a. nl. Tlie 
time of tlie first tremors a t  Washington, reduced to the Dliarm- 
hala meridian, would be about ti hours 21 minutes a. m., mak- 
ing tlie time conswuecl in transniission about 19 minutes. If 
the waves were propagated along the surfttce of the earth and 
over the arc of a great circle, the speed of propagation froln 
these figures iiiust have been a t  nearly tlie rate of 6.4 miles 
( I(1.Y kilometers) per secoiicl; if ~ ~ r o p a g a t e d  along the chorcl, 
the speecl iliust ha\ e been nearly 5.5 miles (8.9 kilometers) per 
second. 

The velocity of propagation of elastic waves in ordinary solicl 

elasticity, nncl t l  the deusity. I t  :ippears from the tables of 
the velocity of soiiud \va\e5 in difFereut iiieclia that, owiug to 
the high elasticity nnd  snldl  density of certain kinds of glass, 
elastic waves are propagateel therein a t  a greater velocity than 
in any other knowii iiinterial, viz : 1'3,WO feet per second=:j.7 
miles per second. 

From these coiisideratioiis it appears that  the calculated 
speed of propagation of the Dllnr1nsal:c earthqnake wave along 
the surface 1mth is 7 3  per cent greater than the highest ob- 
h e n  eel u:tve \ elocity in glahs. E\ en if the w a ~  es follon~ecl the 
liiienr p t l i  tliroupli the interior of tlie earth the velocity of 
trnnsmi\siou woulcl still be  49 1)er cent greater than the veloc- 
ity in glass. 

These statements relate to the 1)rqmgRation of the first earth- 
quake treiiiors or sl~lnll wai es which travel a t  the highest 
velocities, and therefore reach clistmt points loug before the 
great, maves. Tlie inaiiniuiu waves trn1 eled to Washington a t  
a fa r  slower rate, l iz:  3.3 niileh per hecond along the arc, and 
2 .0  miles per second along tlie c l~ord .  

The high speed wnves are p n e r a l l y  believed to be longi- 
tucIinal waves, that  is they conhist of alternate compressions 
i t l id  esliansions along the line of Invpagation analogous to 
the soiiiid waVes. If this be the case and the waves in tho 
present eartliquale traveled a1011~ the chord, then they 
shoulcl have seeniecl to e iwrge  a t  Washington a t  a relatively 
high angle, i. e., 3 7 O  40' f rom tlie zenith. No measurement 
o f  this angle was actually iiiade a t  Washingtou, but  there is a 
iuitsh of observational evidence to sliow that  the rertical COIU- 

ponelit of e;crthclualie uiotioii is SO bmall that  it has rarely 
Lee11 xuccessfnlly measured, escept near the origin, and then 
it is generally a sniall proportion of the horizoiital motion. 
111 the eartliclnake of April 4 the maximum north-south hori- 
zontal component of clisplaceinent a t  Wasliington was 1.23 mm. 
If the wave traveled on tlie chorcl. tlie corresponding conipo- 
neiit of vertical motion woulcl have to be 1 . 7 1  niiii. If a large 
coniponent of this character existed it would be easy to nieas- 
nre it. 

It seeius very probable that  earthquakes tha t  are registered 
a t  great distances from their origin are 1)ropagated through 
very deep lying inassen of the earth wliicli ailpear to be highly 
elastic. The motions that are registered after coming out a t  
the surface along the line of propagation are really secondary 
phenomena. representing effects set  up in the relntively loose, 
nonhoniogeneous surface la) ers by the deep-seated vibrations 
that  are being propagatecl below. 

Jus t  what path is actually taken by the waves in cases of 
this sort  is still an unsettled question among seismologists, 
and no generally satisfactory esplanation of the high speed of 
propagation as related to the known elastic qualities of the 
earth has yet been given. 


